Abstract. The aim of this study was to assess the efficiency of propagating juvenile trout, Salmo trutta L. in small lowland streams and to evaluate the impact of the environmental conditions in the streams on the juvenile fish. Brown trout (Salmo trutta fario) and sea trout (Salmo trutta trutta) early fry fed under controlled conditions were used to stock third-order lowland streams. During summer, fall, and spring catches, fry were counted, measured, and weighed. The following parameters were calculated using the data collected: fry stocking density (ind. m -2 ); survival; specific mortality rate (SMR); length range; mean specimen length; body weight; mean body weight; specific growth rate (SGR); body condition (Fulton's index). The ichthyological studies were accompanied by simultaneous analyses of environmental conditions that were performed monthly, and benthic macroinvertebrates were sampled in spring and fall. No differences were observed in the biological parameters analyzed between sea trout and brown trout. Variability in environmental parameters such as temperature, oxygenation, conductivity, and stream width and depth were associated with differentiation in the biological parameters of the fry. The results clearly indicate that the considerable potential of small lowland streams for the propagation of salmonid juvenile stages is currently underexploited.
Introduction
Since the 1970s, ichthyologists have focused research efforts on the rapid decline in salmonid populations caused by water pollution, civil engineering structures, river channel regulation, and overfishing (Przyby³ 1976 , Sych and Bartel 1979 , Bartel 1987 , 2001 , Czerniawski et al. 2010a , Augustyn 2011 . These anthropogenic factors contributed to the extinction of the Atlantic salmon, Salmo salar L. and drastic reductions in populations of sea trout, Salmo trutta trutta L., brown trout, Salmo trutta fario L., and grayling Thymallus thymallus (L.) to the extent that, at certain periods, the occurrence of these species was dependent wholly on stocking operations. Brown and Day (2002) predict that the protection of valuable salmonids will depend on stocking with material propagated under controlled conditions at hatcheries. However, many authors contend that stocking programs are of limited effectiveness, and, increasingly, there is widespread doubt as tocan form stable wild populations (Che³kowski et al. 1990 , Berejikian et al. 2000 , Jonsson 2001 , Bêbnowska et al. 2005 , Borsuk et. al. 2006 , Brockmark and Johnsson 2010 , Czerniawski et al. 2011 , 2015 . To date, stocking success has been assessed by the number of fry released rather than fry survival and recovery as spawners; however, the survival of hatchery-origin stocking material is at least twofold lower than that of wild fish, and this can only be compensated for by the quantity of fry released (Jonsson 2001 , Brown and Day 2002 , Teixeira et al. 2006 , Augustyn 2011 .
Failure of stocking efforts results from domestication, i.e., the loss of natural instincts in fish that are reared under controlled conditions, and releasing stocking material into inappropriate habitats at inappropriate times (Berejikian et al. 2000 , Jonsson 2001 , Bêbnowska et al. 2005 , Brockmark and Johnsson 2010 , Czerniawski et al. 2010a , 2010b , Augustyn 2011 . Berejikian et al. (2000) reports that changes in the competitive behavior of fry occur as soon as 49 to 78 days of rearing under artificial conditions.
In view of the confirmed unsatisfactory efficiency of current stocking operations, the need to develop new fry propagation methods based on the latest research is urgent. These methods must ensure that fry retain the natural behaviors that allow them to survive in the natural environment. The principle research areas into salmonid reintroduction include accelerated incubation and rearing at warmer water temperatures (Trzebiatowski and Domaga³a 1992a) , rearing using natural food (Bêbnowska et al. 2005 , Czerniawski et al. 2007 , 2009a , 2009b , 2010a , 2012 , 2015 , training fry prior to stocking (Brown and Day 2002 , Bêbnowska et al. 2005 , Czerniawski et. al. 2010b , and rearing under natural conditions in small streams with excellent food conditions (Che³kowski et al. 1990 , Trzebiatowski and Domaga³a 1992b , Augustyn et al. 2006 , Höjesjö et al. 2014 , Louison and Stelzer 2016 . Although decades ago Kaj (1946) and Iwaszkiewicz (1965) proposed rearing brown trout fry in small streams in central Poland, to date little attention has been focused on the environmental conditions in streams that could potentially be used for rearing fry or on the effects of physicochemical parameters on fry survival and growth. Thus, no alternative stocking material propagation method to conventional rearing under controlled conditions has been developed. The objective of this study was to assess the efficiency of rearing sea trout and brown trout juvenile stages in small lowland streams that are not yet exploited by fisheries. The impacts of different environmental parameters on fry survival and growth were also assessed.
Materials and methods
Following the resorption of two-thirds of the yolk sac, brown trout and sea trout alevin were fed ad libitum with live zooplankton (Daphnidae) and artificial feed at a 1:1 ratio. In the last week, the food was supplemented with small amounts of chironomid larvae (Chironomidae). Rearing was conducted in long stream tanks at the experimental facility of the Department of Inland Fisheries and Aquaculture, Poznañ University of Life Sciences. After four weeks of rearing under controlled conditions, the fry were stocked into seven tributaries of the middle Warta River in the section between the towns of Oborniki and Miêdzychód. The names of the tributaries, the abbreviations used in this paper, the forms of trout, geographical coordinates, and the lengths of the research sections are provided in Table 1 . The streams were selected for stocking based on the results of earlier preliminary studies. All of the streams are small primary tributaries of the Warta characterized by a very small catchment area, a maximum width of 5 m, and low productivity. Only two streams (Smolnica, Kamionka) are longer than 10 km, and adequate conditions for this experiment were only found in short sections of them. The three retention reservoirs on the Smolnica have caused habitat degradation along most of the stream, and the last section in which semi-natural conditions are preserved is only 2 km long.
The B¹blinek, Kiszewo, and Chojno-B³ota streams have the smallest mean width of a maximum of 2 m, while the mean width of the other streams is over 3 m ( Table 2 ). The deepest streams are the Smolnica and Kamionka, while the shallowest are the B¹blinek, Chojno-B³ota, and Ma³a Smolnica. The greatest channel morphometry variability expressed as the coefficient of depth variation is in the Kamionka and Chojno-B³ota, while the lowest is in the Kiszewo and Ma³a Smolnica. The amount of instream cover available to the fish was varied, and the most abundant was noted in the Kiszewo, Ma³a Bloch) . Because of their small population sizes, these species were not in competition with the fry; moreover, no predators were found. During stocking, the fry were released along 100 m stretches in the middle of the experimental sections of the streams. Stocking density was determined for the entire length of the section. The mean length (l.t.) of the fry released ranged from 24.8 to 31.1 mm, and the average body weight was between 0.17 and 0.33 g. Stocking densities ranged from 0.6 to 2.2 (mean 1.4 ± 0.572) ind. m -2
. During monitoring studies in all the streams, summer fry (the beginning of July) and fall fry (mid-October) were caught, while spring fry in the second year of life (the end of March) were also caught in the Chojno-B³ota, Ma³a Smolnica, and Kamionka. Single fish were caught with an IUP 12 Electric Pulse Fishing device in the stream section being analyzed. In the streams stocked with sea trout, catches were also made downstream from the section analyzed. After anesthetizing the specimens in a clove oil solution, they were measured (longitudo totalis, longitudo corporis) to the nearest mm, weighed to the nearest 0.1 g, and then released at the capture site. The fry caught in the Ma³a Smolnica in the spring of the second year of the study were transferred to the larger Chojno-M³yn stream.
Stocking density (ind. m -2
) was calculated in the section of the stream into which the fry were released. Next, fry survival rates were determined based on the stocking density differences between the release and capture dates. Specific mortality rates (SMR) and specific growth rates (SGR) were calculated using formulas from Augustyn et al. 2006 .
Environmental conditions were monitored monthly simultaneously with the ichthyological studies. Hydromorphological parameters, including stream width and depth, water flow rate, and bottom structure, were measured, and the amounts and types of instream cover were determined. Moreover, basic water physicochemical parameters, including pH, temperature, dissolved oxygen content, and conductivity, were recorded. These data were used to calculate the mean widths and depths of the streams, the variation coefficients of depth measured in stream currents, the mean width to mean depth ratio, and the proportion of gravel substrate and instream cover on the bottoms of the sections analyzed. Benthic macroinvertebrates were sampled in the spring and fall to estimate the potential food base. Two samples comprising 20 subsamples each were collected from each section. The invertebrate population density (ind. m -2 ) was determined especially for the family Gammaridae.
Analyses of the data from the streams permitted comparing fry survival rates, growth rates, and Fulton condition in the different seasons with the aim of determining which streams provide the most advantageous conditions for fry and which parameters are decisive in determining this. Preliminarily, it was assumed that fry biological parameters will differ for the two forms of S. trutta, but, in the event there were no differences, it was decided to compare all the streams together without dividing them according to fry forms. Medians, minimums, maximums, and standard deviations were used in the statistical description of the variables. Univariate and multivariate procedures were also used in the statistical analysis. The significance of differences in a single trait among several groups was assessed using the median test. The relationship between two traits was assessed using Pearson's correlations. Calculations were performed with STATISTICA (ver. 6.0). Differences were assumed to be statistically significant at P <0.05.
Results

Environmental conditions
Statistical analysis indicated no statistically significant differences between the two groups of streams into which the brown trout and sea trout were released, whereas when all the streams were analysed as one group, the various parameters differed significantly (P < 0.05) ( Table 3 ). The factor of water temperature greatly differentiated the streams investigated, and they can be divided into two groups (Fig. 1) . The first includes the B¹blinek, Kiszewo, Chojno-B³ota, and Ma³a Smolnica streams in which slight temperature fluctuations were recorded throughout the year. The water temperature in these steams did not drop below 4°C in winter, and they never froze, while in the summer the water temperature did not exceed 15°C. The group comprising the Smolnica, Chojno-M³yn, and Kamionka streams is characterized by considerable fluctuations in temperature throughout the season. The lowest temperatures oscillated around 1°C, which means that parts of the channels could freeze during very cold winters, while in the summer the maximum temperature exceeded 17°C, and in the Chojno-M³yn it reached 23.3°C. Dissolved oxygen concentrations in all the streams were good, with a minimum that fluctuated around 5 mgO 2 l -1 recorded in the Kiszewo, Smolnica, and Ma³a Smolnica, while the highest minimums and maximums were noted in the Chojno-M³yn and Kamionka (Fig. 1) . Electrolytic conductivity differed significantly in the streams, and the lowest values were noted in the Ma³a Smolnica and Chojno-M³yn streams, while the highest were recorded in the Kamionka (Fig. 1) .
Food base
The benthic macrofauna diveristy in the streams analysed was low, and the predominant species was Gammarus pulex. The share of this species in the population ranged from 76 to 94%. The highest mean population density (specimen m -2 ) of this species was noted in the B¹blinek (3125) and Ma³a Smolnica (2715). Average density was recorded in the Kiszewo (1836), Smolnica (1429), and Chojno-B³ota (1161), and the lowest density was in the Chojno-M³yn (667) and Kamionka (751) ( Table 2 ). The other macroinvertebrate groups recorded in the streams included caddis-flies (Trichoptera), common mayflies (Ephemeroptera), dipterans (Diptera), and beetles (Coleoptera). No significant differences in macroinvertebrate density were noted among the streams ( P > 0.05). Fry survival, size, and growth rate
Fry survival rates varied greatly with fluctuations among the streams and seasons of the year (Table 4) , but no significant differences were noted between brown trout and sea trout. The lowest fry survival was recorded in spring and summer in the Smolnica, which is strongly influenced by retention reservoirs. Figure 2 . Changes in S. trutta fry body length, weight, and condition.
survival rate from stocking until the fall of 40% was recorded in the B¹blinek, Kiszewo, Chojno-B³ota, and Ma³a Smolnica. A considerable increase in daily mortality (SMR) was noted in the B¹blinek in summer, and the highest mortality was noted there and in the Kamionka. In the summer, the mean daily mortality for five streams (excluding the Smolnica) was two-fold higher than during the spring. The lowest periodic mortality was noted in the Ma³a Smolnica, and it is the only instance of a considerable decrease in this index in the summer. In three of the streams analyzed, the spring sea trout fry aged 1+ mean was 21.7%, but, because of the migratory nature of this species at this age, this figure is likely to be underestimated. In the Kamionka, the first few downstream migrating sea trout were observed in fall catches, thus the value of 10% for this index in the spring should not be considered to be the actual survival rate, but rather the minimum one. Periodic mortality in the winter was markedly lower than in the other seasons. In the Chojno-M³yn, the minimum survival rate from spring fry 1+ to the pre-smolt stage in summer was 79%, while to the smolt stage in fall it was 47%. Sea trout were found only in the short section in the vicinity of the stocking site, and no specimens were found either upstream or downstream in the direction of the Warta confluence. The survival of fry that were feeding exogenously and were Fig. 2) . No significant differences were noted in growth rates between the brown trout and sea trout; thus, the streams were not divided into two groups representing the fish that had been released into them prior to comparisons. The greatest increases in length and weight were noted in the summer fry from the Smolnica, Kamionka, Ma³a Smolnica, and Kiszewo streams, while the lowest were in summer fry from the B¹blinek and Chojno-B³ota streams. The greatest specific growth rate (SGR) in the summer catches was noted in fry from the Chojno-B³ota and Kamionka, while the lowest values were observed in the B¹blinek. This pattern shifted in fall, with the greatest increases in fry length and body weight noted in the Kiszewo and Chojno-B³ota, while the lowest were in the Ma³a Smolnica and B¹blinek. The highest average daily weight gain (SGR) in the summer was recorded in the Kiszewo and B¹blinek, while the lowest was in the Kamionka and Ma³a Smolnica. In the B¹blinek, the values of this index increased slightly in relation to the summer catch, while in the Kiszewo differences were slight, and in the other streams in the summer marked decreases were observed in the periodic growth rate.
In three of the streams analyzed, the greatest increases in spring fry 1+ body length and weight were recorded in the Kamionka, while the lowest were noted in the Ma³a Smolnica. The average weight of specimens from the Kamionka was more than three times higher than in those from the Ma³a Smolnica. Sea trout from the Kamionka were also characterized by the highest growth rates in winter. The stocking material released into the Chojno-B³ota stream had the smallest body dimensions, which led to discrepancies between the length and body weight of the summer fry and the specific growth rate in spring. During the fall catches, sea trout from the Chojno-B³ota were smaller only in comparison to the specimens from the Kiszewo. The lowest body condition index values in the summer catches were noted in the fish caught in the B¹blinek, while in the other steams this parameter fluctuated at a similarly high level (Fig. 2) . Sea trout body condition deteriorated in the summer in all of the streams analyzed; the highest value of this index was recorded in the Kamionka and the lowest in the B¹blinek.
Correlation between environmental factors and fry survival, growth, and body condition
Correlation coefficient analysis permitted determining the relationships between fry survival, growth, 194 Janusz Golski et al. and condition and environmental parameters (Table  5) . Survival significantly negatively correlated with maximum temperature, conductivity, and stream width and depth. Fry body weight and length were significantly positively correlated with dissolved oxygen content, invertebrate density, and differences in stream depth. Fish body condition was significantly positively correlated with water temperature, conductivity, and depth (P < 0.05).
Discussion
With the exception of the Smolnica, the small lowland streams analysed in this study provide adequate conditions for rearing salmonid juvenile stages. In the Smolnica, described over 50 years ago by Iwaszkiewicz et al. (1964) , there was an autochthonous population of brown trout accompanied by bullhead, Cottus gobio L. However, the retention reservoirs constructed in the early twenty-first century caused degradation in the Smolnica that rendered it inhospitable to stenotopic species, which was confirmed in the present study. The environmental parameters of the other six streams differ, which affects the biological parameters of fry. The streams can be grouped firstly by characteristics such as width, depth, the proportion of gravel surfaces, temperature, and conductivity. The highest fry survival rate was noted in the smallest streams with low water temperatures in spring and summer and low conductivity. Stable conditions, including flow rates, amounts of suspensions, and physicochemical parameters, are more frequently noted in small streams (Louison and Stelzer 2016) . Grudniewska et al. (2011) reports the highest fry survival rates in small lowland streams in northern Poland. Water temperature is a basic factor that has a direct impact on the survival, growth, and behavior of salmonid fish; moreover, it limits dissolved oxygen content. Elliot (2015) reports a negative correlation between temperature in the summer and fry growth in streams of northwestern England, whereas Richard et al. (2015) report a positive correlation between these factors in upland streams in Switzerland. Literature data indicate that both sea trout and brown trout stop feeding when water temperatures reach 20°C, while 24°C is considered lethal (Backiel 1964 , Alabaster and Lloyd 1982 , Crisp 1993 , 2000 , Elliot and Elliot 2010 , Broadmeadow et al. 2011 . During the present study, sea trout specimens in the smolt stage were identified in one stream in which aerobic conditions were good and water transparency was high, but the water temperature exceeded 23°C. These specimens were in excellent condition with no signs of weakness. This suggests that water temperatures ranging from 20 to 24°C are not necessarily a factor that limits the growth and survival of older developmental stages of sea trout. Salmonids have higher oxygen demand than do other fish groups, and salmonid fry have higher oxygen demand than do older specimens (Alabaster and Lloyd 1982, Crisp 2000) . Conductivity in trout streams typically does not exceed 500 μS cm -1 . Elevated conductivity indicates an abundance of the mineral forms of nutrients that are leached from the catchment area and enhance stream productivity while simultaneously contributing to deteriorating water quality (Hermanowicz et al. 1999 ). The predominance of Gammarus sp., but also the benthic species composition and population density, in the streams investigated is typical of temperate zone lowland streams, while seasonal fluctuations do not indicate changes in ecological status (Kownacki et al. 2002 , Pilecka-Rapacz et al. 2011 . The most frequent component of the salmonid diet is benthic invertebrates, and streams with high population densities of these organisms provide an appropriate food base for juvenile stages of this group of fishes (Johansen et al. 2010 , Pilecka-Rapacz 2011 , Czerniawski et al. 2015 . The current investigations indicate that the benthic invertebrate population density of approximately 700 ind. m -1 guarantees high fry survival and growth rates. Amundsen et al. (2001) report similar population densities and observed no decreases in these fry parameters.
The mean fry survival rates in the streams analysed, excluding the Smolnica, are very good. When stocking with unreared sea trout and salmon fry, the survival rate to the fall fry stage rarely reaches 10%, while survival to the smolt stage does not exceed 2% (Sych and Bartel 1979) . Augustyn (2011) reports survival rates to the fall fry stage released into rivers of southern Poland of 0.2-2.75% and to the spring fry stage of approximately 1%. In their investigation of fry stages in wild populations of sea trout in Norwegian streams, Kvingedal and Einum (2011) report relatively high, although highly varied, survival to the summer fry stage of 28-79%, at a mean of 48%.
The survival of fry on feed to the fall fry stage in lowland streams of northwestern Poland was three-fold lower than that of unreared fry, and it ranged from 29 to 58% (Trzebiatowski and Domaga³a 1992b) . Czerniawski et al. (2010a Czerniawski et al. ( , 2011 reared sea trout fry for periods of four to 10 weeks using artificial feed, zooplankton, nekton, and a mixture of feed and zooplankton. These fry were stocked into streams with a maximum width of 1.5 m, gravel bottoms, and maximum water temperatures of 20°C. After four weeks of rearing on mixed feed, the survival rate to the fall fry stage was approximately 45%, which is comparable to the results in the present study. Extending the rearing period to 10 weeks did not have a significant impact on the survival rate of fish fed live food in contrast to those fed only artificial feed, in which this index was markedly lower.
The highest mortality rate of fry that were reared traditionally is observed in the first few days after stocking. In this period, fish weight loss and mortality is marked and can be ten-fold higher than in wild fish (Brown and Day 2002 , Brockmark and Johnsson 2010 , Czerniawski et al. 2011 ). Borsuk et al. (2006 report there are also two critical periods in the first year of life of wild fish. The first is from 33 to 70 days after leaving the gravel, in which mortality associated with the beginning of exogenous feeding is high. The second period begins in mid or late summer following which the stocking density decreases and mortality starts to decrease. The analysis of the results of the present study indicates that feeding fry natural food earlier and for a short period facilitates avoiding the critical period of high post-stocking mortality, while it also increases considerably survival rates in relation to fry from natural spawning.
The considerable increase in daily mortality observed in the summer coincides with the second critical period that Borsuk et al. (2006) identifies and that could be caused by deteriorating thermal and oxygen conditions in combination with intra-population mechanisms that regulate fry stocking rates. According to the model proposed by Ricker (1954) , stocking density is the most important aspect of stocking that impacts the survival of fry in the exogenous feeding stage in the first six months following release, and it must not exceed 5 ind. m -2
. The maximum initial stocking density in the present study was 2.2 ind. m -2 , which had no significant impact on later survival. Stocking densities proposed by various authors range from 1 ind. m -2 (Che³kowski et al. 1990 , Augustyn 2011 , Kvingedal and Einum 2011 , to 2-3 (Mortensen and Penczak 1985) and up to 9-10 ind. m -2 (Borsuk et al. 2006 ).
Another critical fry survival parameter is how long they are held in artificial conditions. The longer the fry spend in captivity, the more pronounced the loss of natural instinct is, and the fry become increasingly domesticated (Berejikian et al. 2000 , Brown and Day 2002 , Teixeira et al. 2006 , Brockmark and Johnsson 2010 . In the present experiment, the rearing period under controlled conditions was limited to four weeks from yolk sac resorption. The fry were also fed natural food, which facilitated them retaining their natural behavior and developing the skills required to feed in the natural environment of the streams following release.
The lower number of sea trout specimens caught during the fall and spring catches in the following year is obviously caused by downstream migration, which was confirmed by additional catches made downstream from the investigated sections of the streams. Sea trout fry exhibit limited exploratory activity in the first six months. In a study by Jonsson (2001) , 96% of the fish caught during fall fry catches were caught at the stocking site. Kvingedal and Einum (2011) observed limited migrations and non-uniform spatial distribution in sea trout fry aged 0+. In turn, Teixeira et al. (2006) report that 80% of sea trout specimens aged 1+ show a strong tendency to migrate as soon as one month after stocking.
The size, body condition, and daily weight gain of fry in different streams and study periods fluctuated substantially depending on environmental conditions. Generally, the highest parameter values were noted in streams with more depth variation, a richer food base, better aerobic conditions, and high water conductivity. Significantly, conductivity was negatively correlated with survival and positively correlated with body condition. The few studies that investigated water conductivity found no correlations with body condition or survival (Dennis et al. 1995 , Copp 2003 . However, in the experience of the present authors, higher water conductivity indicates increased stream productivity that can lead to oxygen deficits in the summer while also supporting a richer food base. In the summer, body condition and average daily body weight gains decreased considerably, except in the B¹blinek stream, which is consistent with observations reported by Elliot (2015) .
Body weight gain reported by other authors in fry from streams in northern and central Poland also fluctuate greatly regardless of the type of food used in rearing (Domaga³a and Dziewulska 2003 , Kirczuk and Domaga³a 2003 , Domaga³a et al. 2005 , Pilecka-Rapacz et al. 2011 . Since there is a lack of environmental data in the available literature, it is difficult to determine if there are dependencies among growth rate and survival and habitat conditions. Only Pilecka-Rapacz et al. (2011) state that food availability is not a limiting factor in the length of the fish caught. The increments in body length and weight recorded in the present study were slightly lower in comparison to means from other lowland streams, but body condition was higher. Natural populations of brown trout from Drawa tributaries are characterized by slightly longer body length and heavier weight (Golski et al., unpublished data) . The richest ichthyocenoses were observed in transitional and forested sections of streams that, comparatively, provide the least transformed habitats and good environmental conditions (Golski et al. 2010 ).
The correlations indicate that dissolved oxygen content, and particularly that in summer, is a factor that limits growth in fry since, of all the developmental stages, it is the most sensitive to oxygen deficits. The negative impact of oxygen deficits is manifested not only in fish mortality, but also in the refusals of fish to feed and subsequent growth inhibition. Another parameter that is significantly correlated with fish size is depth variation, which is linked with stream channel morphometry and microhabitat richness. Streams with varied bottom surfaces provide fish with appropriate habitats, fish distribution is more uniform, and the stress stemming from competition for territory is reduced. Studies by Kvingedal and Einum (2011) and Elliot (2015) indicate that spatial variability in fry distribution in the summer influences first fry growth and, to a lesser degree, survival. Höjesjö et al. (2014) report that considerable microhabitat variation has a positive effect on the density, biomass, and condition of young-of-the--year (0+) brown trout. The availability of instream cover has a positive effect on growth potential. Jonsson (2001) reports that brown trout 12 cm in length defend territories measuring 1 m 2 .
Conclusions
! The results of this study indicate that small lowland streams have considerable, potential as rearing sites for juvenile salmonid stages, but that this is largely unexploited. Environmental conditions for fry are optimal and can facilitate high survival and good growth rates.
! No differences in the parameters analyzed were observed between sea trout and brown trout.
! Streams differ in terms of environmental parameters, which is reflected in a certain degree of differentiation in the biological parameters of different fry grades.
! Variability can be exploited when planning stocking and catches. Material reared as summer or fall fry 0+ or possibly spring fry 1+ can be caught and transferred to target streams.
! Limiting fry rearing under controlled conditions to a maximum four weeks and feeding the fry zooplankton improve fry survival. Using zooplankton as food is recommended because of its nutritive value, availability, and active mobility in the limnetic zone, which helps to develop the predatory instincts of the fry.
! Semi-natural fry propagation should be considered in modern models of rational salmonid management because of the low operational costs and the excellent biological parameters of the material that is produced.
